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Analysis of the promoter of the cytochrome P-450 2B2
gene in the rat

Marcel Hoffmann, Willem H. Mager, Bob J. Scholte, Azem Civil, and Rudi J. Planta

Department of Biochemistry and Molecular Biology, Vrije Universiteit, Amsterdam, The Netherlands

About 3 kb of the promoter region of the gene encoding cytochrome P-450 2B2 (CYP2B2) in the
rat were sequenced and searched for potential cis-acting elements. Apart from putative binding
sites for (liver-specific) protein factors, a region showing homology with the LINE 1 retrotrans-
poson element was also found. Three proximal promoter fragments, encompassing nucleotides
-579 to —372, —372 to -211, and —-211 to +1, respectively, were shown to contain binding sites
for multiple protein factors by bandshift analyses. The strongest protein-binding element, desig-
nated BRE (basic regulatory element), occurs between —103 to —66. Its structure is very similar
to a negative control element in the murine cmyc promoter and displays a composite feature hav-
ing a tandemly repeated sequence homology with the BTE (basic transcription element; Yanagida
et al., 1990) separated by a CCAAA-box. The use of a deletion series of this template in in vitro
transcription assays, provided evidence that the BRE serves as a major cis-acting element in the

(regulated) transcription activation of the CYP2B2 gene.

he cytochrome P-450 enzyme family com-

prises more than 60 isoenzymes, occurring
mainly in the endoplasmatic reticulum of liver
cells, which are involved in the oxidative metab-
olism of endogenous as well as exogenous sub-
strates (see for reviews Gonzalez and Nebert,
1990; Nebert et al., 1989; Okey, 1990; Ryan and
Wayne, 1990). These proteins serve predomi-
nantly as detoxifying enzymes, but they can, in
some cases, also convert certain substrates to
very toxic intermediates.

Synthesis of most isoenzymes occurs at de-
tectable amounts only after exposure of the or-
ganism to inducing compounds. In many cases
these substances themselves are substrates for
the enzymes. Cytochrome P-450c (1A1) activity,
for instance, is effectively induced by some ar-
omatic carbohydrates like 3-methylcholanthrene
(3MC) and tetrachlorodibenzo-p-dioxin (TCDD;

Kawajiri et al.,, 1984; Thomas et al.,, 1983).
CytP450b (2B1) and the related P450e (2B2) are
induced by phenobarbital (PB) and some poly-
chlorinated biphenyls (PCB; Scholte et al., 1985;
Vlasuk et al., 1982; Waxman and Walsh, 1982;
recently reviewed by Waxman and Azaroff,
1992). CytP450b and e belong to the CYP2B
subfamily consisting of at least 10 members
(Ryan and Wayne, 1990). Induction causes an
approximately 40-fold rise in the respective cel-
lular enzyme concentrations (Phillips et al.,,
1983a,b). For CYP1Al and 2B1 and 2, this ele-
vated gene expression is accomplished by en-
hanced transcription (Hardwick et al., 1983;
Kawajiri et al., 1984; Phillips et al., 1983b).
Transcription activation of the CYP1A1 gene
is highly stimulated by a receptor protein bound
to the xenobiotic substance (3MC or TCDD;
Sogawa et al., 1986). This receptor-inducer com-
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plex interacts with a specific site (XRE) in the
promoter region of the respective genes, and
acts synergistically with other trans-acting fac-
tors in the formation of an efficient transcrip-
tion initiation complex (Fujisawa-Sehara et al.,,
1988; Nebert et al., 1984; Poland et al., 1980;
Poland and Glover, 1976; Wen et al., 1990; Whit-
lock and Galeazzi, 1984).

Most likely induction of the CYP2B1 and 2
activity also occurs by specifically enhancing
the transcription of the respective genes. Pre-
viously, evidence has been obtained that PB can
induce transcription of these genes (Hardwick
etal.,, 1983; Phillips et al., 1983b); in the present
paper these findings are extended for the in-
ducer 2,4,5,2/45"hexachlorobiphenyl (2,4,5-
HCB). So far, no PB- or HCB-receptor could be
identified. The genes for CYP2B1 and 2 are
highly similar with respect to their nucleotide
sequence (Okey, 1990; Rampersaud and Walg,
Jr.,1987a,b). The same holds for the correspond-
ing promoter regions up to —1406 (Jaiswal et
al.,, 1987). On the other hand, the expression
of both genes appeared to display distinct de-
velopmental and tissue-specific patterns (Okey,
1990). This paper deals with the functional ele-
ments constituting the promoter of the rat cy-
tochrome P-450 2B2 gene. We have identified
the upstream region between —103 and -66
as a major activating element implicated in the
(regulated) transcription of this gene.

Materials and methods

Plasmid construction

A DNA fragment containing the cytochrome
P-450 2B2 promoter sequence was isolated by
screening a cosmid bank of rat genomic DNA
using the CYP2B2 cDNA clone published pre-
viously (Scholte et al., 1985) as a probe. A 3.8
kb Bgl II-generated fragment from this cosmid
clone, which contains the 5-flanking region of
the gene, was subcloned in pIC20R. The se-
quence of the 5-flanking region up to position
—2919 was determined using the method of
Sanger et al. (1977). The constructs used in the
in vitro transcription experiments are based on
the plasmid p(C2AT)[380], a generous gift from
Dr. A. Monaci (Monaci et al., 1988). A synthetic
oligonucleotide inserted in the EcoR V site im-
mediately upstream of the G-less cassette created
a unique Sph I site, which made it possible to
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fuse promoter fragments with the G-less cassette
at position +1, comparable to the in vivo situ-
ation. The 5-deletions of the CYP2B2 promoter
were generated either by BAL 31 digestion or
by using unique restriction sites. Plasmid
AdML50[180], used as a control, was a gener-
ous gift from Dr. A. Monaci (Monaci et al., 1988).

Analysis of RNA

Total RNA was isolated from the livers of con-
trol rats as well as rats PB-treated for 2, 4, 8§,
12, and 24 hours, using the AGPC extraction
procedure described by Chomszynski and Sac-
chi (1987). Slot blot analysis was performed us-
ing a 2.6 kb CYP2B2 cDNA fragment (Scholte
et al,, 1985) as a probe for CYP2B1 and 2B2
mRNAs.

Mapping of the transcription start sites was
performed by an RNase A protection assay.
Total liver RNA was isolated from PB- and
2,4,5 HCB-treated as well as control rats and
subsequently hybridized to labeled antisense
RNA. This riboprobe was based upon a genomic
CYP2B2 DNA fragment encompassing the re-
gion from —1406 to +173. After RNase A treat-
ment, the length of the protected fragment was
analyzed on a denaturing polyacrylamide gel.

Preparation of rat liver nuclear extracts

Liver nuclear extracts from three-month-old
Wistar rats were prepared essentially as de-
scribed by Gorski et al. (1986) and Graves et
al. (1986). All experiments were carried out at
0° to 4°C. Usually 30 g of minced liver was sus-
pended in homogenization buffer (10 mM
HEPES-KOH [pH 76], 25 mM KCI, 0.15 mM sper-
mine, 0.5 mM spermidine, 1 mM EDTA, 2 M
sucrose, 10% glycerol) up to a final volume of
30 ml. It was then homogenized in the absence
of air in a modified Waring blender. The
homogenate was diluted 3 times in homogeni-
zation buffer, layered in 25 ml portions on 10
ml cushions of the homogenization buffer, and
centrifuged at 24,000 rpm for 45 minutes at 0°C
in a SW28 rotor (100,000 x g; Ueno and Gon-
zalez, 1990).

This centrifugation step was repeated after
resuspending the combined nuclear pellets in
50 ml homogenization buffer, layered on two
10 ml cushions of the homogenization buffer.
The pellets were washed twice with nuclear ly-
sis buffer (10 mM HEPES-KOH [pH 76], 100
mM KCl, 5 mM MgCl, 0.1 mM EDTA, 1 mM
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DTT, 10% glycerol) and resuspended in 20 ml
of nuclear lysis buffer, using an all-glass Dounce
homogenizer (Wheaton pestle B). An aliquot
was diluted 50 times in 05% SDS, and the
Aggonm was measured. The nuclear suspension
was diluted to approximately 10 Agsonm units
per ml and extracted essentially as described
by Parker and Topol (1984). One-tenth volume
of 4 M (NH4):SO, (pH 79) was added directly,
and the extract was gently shaken and left on
ice for 30 minutes. The viscous lysate was then
centrifuged at 45000 rpm for 90 minutes in a
50.2 Ti rotor at 0°C to pellet the chromatin
(200000 x g). Subsequently solid (NH4)eSO4
(0.3 g/ml) was added to the supernatant and al-
lowed to dissolve by gentle agitation. After an
additional 30 minutes on ice, the precipitated
proteins were pelleted at 26,000 rpm in a SW28
rotor at 0°C. The protein pellet was stored over-
night on ice, and suspended in dialysis buffer
(256 mM HEPES-KOH [pH 7.6], 40 mM KClI, 0.1
mM EDTA, 1 mM DTT, 10% glycerol, and 0.5
mM PMSF) at 1 ml/400 Assonm units of nuclear
lysate. The protein extract was dialyzed against
dialysis buffer. After dialysis the protein extract
was centrifuged for 5 minutes in a microfuge
to remove unsoluble material. The protein con-
centration usually amounted to 4-8 mg/ml. The
protein extract was stored in aliquots under liq-
uid nitrogen.

In vitro transcription assay

In vitro transcription reactions were carried out
essentially as described by Gorski et al. (1986).
The transcription reaction mixtures (20 ul) con-
tained 60 ng/ul circular template DNA and
4 pgful nuclear protein extract in a buffer con-
taining 25 mM HEPES-KOH (pH 7.6), 50 mM
KCl, 6 mM MgCly, 06 mM each of ATP and
CTP, 35 uM UTP, 7 uCi [0-32PJUTP (Amersham,;
3000 Ci/mmol), 0.1 mM 3’-O-Methyl GI'P (Phar-
macia), 12% glycerol, 1 pl RNAsin (~30 units;
Promega). After 45 minutes of incubation at
30°C the reactions were terminated by the ad-
dition of 20 pl stop mix (50 mM Tris.HC] [pH
80], 50 mM EDTA, 1.2% SDS).

Proteins were removed by a proteinase K treat-
ment (10 pl of 20 mg/ml proteinase K, 0.5 mg/ml]
tRNA) for 20 minutes at 55°C. RNA was pre-
cipitated by the addition of 350 ul 86% EtOH,
0.3M NH4Ac. The RNA pellets were rinsed with
80% EtOH and dried for 5 minutes in a speed
vac. The dried pellets were resuspended in
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15 ul RNA loading dye (10% glycerol, 0.1%
xylene cyanol FF, 0.1% bromophenol blue, 6 M
urea in TBE) and loaded on a 6% polyacryl-
amide, 7 M urea sequencing gel. Autoradiography
was carried out at —80°C with intensifying
screen.

In vitro protein-DNA binding assays

Binding assays were performed essentially as
described by Monaci et al. (1988). Gel retarda-
tion experiments were carried out either with
a labeled double-stranded oligonucleotide (5
to 10 fmol) or with a suitable labeled DNA frag-
ment (10 to 20 fmol). The DNA was incubated
with 5 to 20 ug of nuclear proteins in a buffer
containing 25 mM HEPES-KOH (pH 7.6), 7.5%
glycerol, 60 mM KCl, 4 mM spermidine, 0.75
mM DTT, 0.1 mM EDTA for 15 minutes at room
temperature. After this incubation 2 pl of 20%
Ficoll, 0.1% xylene cyanol FF, 0.1% bromophe-
nol blue were added, and the samples were
loaded onto a 5% polyacrylamide gel in 0.5 x
TBE buffer and subjected to electrophoresis at
10 Vicm for 2-3 hours at 4°C.

Results

Sequence of the rat CYP2B2 promoter region

Transcription of the gene encoding CYP2B2
(cytP450e) in the rat is induced upon treatment
with PB (Hardwick et al., 1983) or 2,4,5-HCB
(this laboratory, unpublished results).

In order to investigate the transcriptional ac-
tivation of the CYP2B2 gene, a cosmid bank
of rat genomic DNA was screened using a pre-
viously described CYP2B2-cDNA (Scholte et al.,
1985) as a probe. A DNA fragment carrying the
CYP2B2 gene including about 3 kb of its
5'-flanking region was isolated and subcloned.
The physical map of this region is depicted in
Figure 1B. Sequence analysis of 2919 bp up-
stream of the transcriptional start site — see Fig-
ure 1A—showed, for the first 1406 bp, almost
identity with the sequence previously reported
by others (Jaiswal et al., 1987; Suwa et al, 1985).
In Figure 1 the location of the transcriptional
start site +1 is indicated; by RNase A-mapping
(see Fig. 2A) it was found to be identical in liver
cells of both PB- and 2,4,5 HCB-treated animals.

A computer-aided search revealed a region
extending from —2440 to further upstream that
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A -2919

displayed a strong homology with a so-called
LINE 1 retrotransposon element (Soares et al.,
1985). Whether the presence of this element
has any relevance for the transcription activity
of the CYP2B2 gene in vivo, is as yet unknown.
In addition, the presence of several putative
protein factor binding sites was elucidated,
which may serve as cis-acting elements for tran-
scription (Fig. 1A). The most notable elements
are two potential glucocorticoid-responsive ele-
ments at —1341 (Jaiswal et al.,, 1990) and at

-2900 -2880 -2860 -2840 -2820
AGATCTTGATTTTCTGGTGTG T TTGGATATICAGTGTTTGC T T GGTGGGGGANT TGGGCTCAGAT TGGTTTCTGTTGETTGGGTTCCTGTGCTTGECTCTCG
-2780 -2760 -2740 -2720 -2700
-2B00  TATCAGATTATCACTGTTGTTACTTTGTTCTGCTATTTCTGATAGT TTCTAT T T TTTTCTGTTTICTT TAT
~2660 -2640 -2620 -2600 -2580
-2680  (GGAACAGTGTGITCIACTTTCAGTCATGTAGTT TTTCTTGTCTACAGETCTTCAACTGTTCC TC TGGGCCTGTOTCCTGAGTCCACE T TGGTCT
GRE
- -2520 -2500 -2480 -2460
-2560  TACCTGTGGTCCTGAGTCTCAAGTTTGGTGGTGGGGTGTTGCTGATGAGCTGTCCT TGGGCTTCCCTTT cA
-2420 -2400 -2380 -2360 -2340
2440 GATGGCATTT TTTTTGTGATGT CAATGCCTITC
2300 -2280 -2260 -2240 -2220
2320 TGGATCGTGGACACAACCTTCAAGAAGTGCACTTCAGTGACC GATTT TCTGTACTTTTCCTGACHTTGGCACAGTGCCAC CAT
NF-1
-2180 -2160 -2140 -2120 -2100
-2200  CAACTTGACTGACACCAGGACCTTGCTCCTGCCAGGCTGGGTGATCTGGCAC “TCAGGGTT TCCATGCAGACACTGATGCAGTCTT
-2060 -2040 -2020 -2000 ~1980
2080 CACATTT TGCCTTCACCTATTAAT: TTTC GAT TACTTT
-1940 -1920 -1300 -1890 -
-1960 CTARACATGACCATCAAGTCCTTGARATGTTCCAGATGTGGTAGCACACGTCTGTAG GTGGACAGGCC CTTATAAATTGAAGGCCAGCCTGGGATATATAGGS
-1820 -1800 -
1840 AGACCTTGTCTAAGACAAACAGATGAAGAGTCCAACCAATGCATTTAAAATGTTCGATGGT ATTTACTTCAGAAGT TGAGGCAAGTTGACCACAAGTTACAGGCCAGTCTGA
LF-AL
1700 1680 1660 1640 1620
1720 GCTGTARATGGAGACCTACAACAGATAGTTGAGTATGATATCACGAACCTGTAATTCTTACACTTGGGAGT AGAAGGACC TTCAAAGCTAACCTGTGATACAAAGCAA
-1580 -1560 -1540 -1520 -1500
-1600 CT AAGGATTTATTTTTIC T AGTTTCATTGCAGGGGAGGTATGACATTTGGGGC TTTGGTCT TTGTGGTTGTTTCTCTATATGGCAGAT
- L 1420 -1400 -1380
~1480 GAAGAGGATATATGTTTATATGTAG! GGATTTIGACTCATTAGGTTGACTCCAAGA TCTTTCTTGCARGCTTTTCCTCTARGTGTC ATAATATC
AP-1
-1340 1320 -1300 -1280 1260
-1360  AGTTAGGTACAAAGTGTTGAAACAT GAACTTCTGAGACAGATTTCACATTCAAATAGAACACATTA TAATGT {GIGGGCTCdTGAAGRAATGTTCARTT
GRE DRE 11
1220 1200 -1180 1160 1140
-1240  CCTTTTAGCAAGATGGAAGGTCARAGARK TTCCTGTGCTATGAACARATCAGAAGGATGAAGGS. TTGTCAT TCAGAGACTATCTTTGTTAGETTCACTATTT
ATIII-H LF-Al
-1100 -1080 -1060 -1040 -1020
-1120  CTGTGATAAAACCTCACAGCAGAAAGCAACTT TTATTTTGCTTGCACTTTACAGT TTGTCAMCAAGGA, AGGCAGGACCTGGAGGCAGGA
- 98 -960 -940 -920 -900
1000  GCTGATGCAGAGGCCATGGAGGGATGCTTCTCACTGACTTGCTCATTAGGGCTTGC TCAGCCTGATTTCTT AGACTTTCTTACAGAAGTCCAGGTGTGGAATTTCCCACA
860 -840 620 -800 780
-880  GTGGGTGGTGCCCTCCCTCATGCARTCACTAATTAAGAAARTCCTCTTCAGGT TG TATAGTC TGATC TTATGGATCCATTTTCTCARTTCAAGTTCTCTCCTC TCARATGACTCTAG
DRE I
-740 -120 700 680 660
~760  CTTGTATCATGTTGACACAARAGT TAGACCCGGGGCCCCARCTTCTTCTCTGCCAGGTTTGAGCCTCTCTCTCCATTTGAC TCC TGAGECTCACTGC TCCTGAATC TC TTGCCTTTECTT
-620 - 600 -580 -560 -540
640  TCTTTTCCTCCCCATTCTCCCACCTGTOAE TATCATGEECT, AAATGGGGACTCTGCAGAAATTGCATCTGTAGACTTTT (AACCAACAGACGGAGAC
LF-AL
-500 -480 -460 -440 -
520  AAGCACAGGATCATGGGATACTATTCTTGTCAACTCAARCATAATCACATGTACCCAGGACACRARAARCATACAGAGAAGCCCCAATARTTTAAGATTATACATGTARMTATACCCTAG
-360 -360 -340 320 -300
400 ACATGCAAGARARGACCACCCAGTGEATCTAGACTCAGACAAAGARAT TTACATCGGTACGTTTATATCAGAAATGATCTT ATATAGA
- -240 220 -200 -
280 CACACACACACACACACACACACACANTCCCATGCCCTAGTARGTAMCAGAGCTGACARAACTGAGT TCACAAGTGCACACC CATT TACATARRACAAGAGGCCTARGTCCCAGTEECE
-140 -120 -100 -80__ -60
160  TTTTGTCCTGTGTATCICTTTICTG T qICE TTGCCARCATC TATGOTGTGGOTAAGGGAA JGAGGAGT GAATAGE CAAAGCATAGGC GTGAAGAT CTGAAGT TGCATAACTGAGTCTA
Alb DE 11 Y BTE
-20 1 20
40 GGGGCAGATTCAGCATAAARGATCET GCTGGAGAGCATOCACTGARGTCTACCGTGGTTACACCAGG 27
B g ¢ 4 ey
1 1

-98

-2801

-2681

-2561

-2441

-2321

-2201

-2081

-1961

-1841

-1721

-1601

-1481

-1361

-1241

-1121

~1001

-881

-761

-281

-77
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Figure 1. Structure of the rat
CYP2B2 promoter region. In
A the sequence of 2919 bp of
the promoter is shown. The lo-
cation of putative protein fac-
tor binding sites is indicated,
as well as the region showing
homology with the LINE 1
element (discussed in the text).
In B the physical map of the 5-
flanking region of the CYP2B2
gene is given, ranging from the
transcription initiation point
(+1) to 2919 bp upstream. B =
BamH I, Bg = Bgl I, H =
Hind III, Hi = Hinc II, N
= Ncol,P =Pst],S = Smal,
Sp =SphI, St =Sl X =
Xbal, EV=EcoRV,Xo=Xhol.
Fragments used as probes in
bandshift analyses are boxed.
The location of the sequence
from —98 to —77 of the proxi-
mal part of the CYP2B2 pro-
moter showing homology with
a c-myc regulatory element (see
text) is indicated.

—2665, and two dioxin-responsive elements
(Denison et al., 1988) at —821 and —1257, re-
spectively, both types of motifs acting as reg-
ulatory elements in the CYPlAl promoter.
Moreover, several putative binding sites for
liver-specific factors are present: e.g., for LF-Al
(Hardon etal., 1988) at — 1772, —1127, and —599;
for ATIII-H [Ochoa et al., 1989] at —1213; for
HP-1 (Kugler et al., 1988) repeatedly over the
entire promoter region; for AP-1 at —1441; and
for NF-1 (Cereghini et al., 1987; Lichtsteiner
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Figure 2. Maning of the CYP2B2 transcription start
site and slot blot anal¥3|s 0f CYP2B-mRNAs. A, RNase
A protection assay of total liver RNA from 2,4,5 HCB-
treated rats (lane ), from control rats (lane 2), and from
PB-treated rats (lane 3). The length ofthe RNase A pro-
tected nboprobe fragment (see Materials and Methods)
was estimated relative to size markers (M). Arrows corre-
spond to the mapped transcription start'sites. 8. Total
liver RNA from rats freated for different time periods
with PB were used. for slot blot hybridization with_a
CYP2B gene-specific probe. A rat’ribosomal protein
[ 12 qene-specmc probe was used as a loading control
(result not shown).

et al., 1989) at -2205 and -121 (half site; also
alb DE-I ¢lement).
Finally, in the region between_-98 and -77
a strlklnq homology is present with a repressor
elementlocated upstream of the murine c-mYc
ene (Corcoran et al., 1985; Remmers et al,
986). Part of the latter element also turned out
to share homologiy with a so-called
scription element (BTE) recently reported fo be
functional in the CYPLAI promoter (Yanagida et
al,, 1990; see below). To establish the occurrence
of actual (in vitro) Rrotem-bmdmg sites in the
proximal part of the CYP2B2 promoter that
might play a part in transcription activation
in Vivo, band shift analyses were performed.

The CYP2B2 promoter contains multiple
in vitro protein-binding sites

For the band shift analyses we made use of liver
nuclear extracts prepared from both PB-treated
and control or?anlsms gto be designated PB- and
control extracts). For the former, at first the re-
quired induction period was determined. Con-
sistent with previous reports (Hardwick et al,
1983), our slgt blot analysis (see Fig. 282 demon-
strated that in control Tiver cytP450 2B (1 and
2) mRNA levels are very low, whereas a strong

basic tran-
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induction can be observed after several hours
of treatment with PB, Since, obviously, at 4 hours
after PB addition the transcriptional activity
is already high, we have chosen this induction
period for preparing PB extracts. . .

_For the analysis of in vitro protein-binding
sites, the proximal promoter fragment of the
CYP2B2 ?ene was divided into three parts: a
Pst I-Xba T-generated fraglr_nent extending from
- 579 t0 - 372,_an Xba |- mcll-generatedfraq-
ment from -372 to -211, and a Hinc [I-Sph T-
l(__q_enerated fragment from -211 t0 +1 (ee
ig. IB). With all three fragments complex
formation occurred, as shown in Figure 3A-C.

Panel A shows the band shift assay with the
most distal fragment. Control and PB-induced
extracts indistinguishably gave rise to complex
formation, though with PB-induced extracts the
complexes tended to be more intense. In both
cases, increasing the amount of added protein
led to further retardation of the probe f_rarq-
ment, which may indicate either that multiple
prot_eln-,bmdln%snes are occupied or that multi-
merization of the protein(s) occurs.

A similar result was obtained with the frag-
ment encompassing the nucleotide sequence
from -372 to -211°(Fig. 3B). Both control and
PB-induced extracts gave rise to two major com-
plexes of different mobility and two minor
comBI_exe_s, which may be due to the simultane-
ous pinding of different protein factors to the
same DNA molecule. _

The most proximal DNA fragment, which
contains the putative (modified) TAATA and
CAAT hoxes, characteristic of cytP450 genes
(Okey, 1990?, forms two maAor complexes with
poth'control and PB-induced extracts. Since this
fragment contains the above-mentioned se-
%uenceelementshowmg strong homology with
the_c-myc reﬁressqr element, we wished to ex-
amine whether this sequence element could be
responsible for the observed retention. There-
fore, a synthetic oligomer encompassing the pro-
moter sequences from -104 to -71 was made
(see also Fig. 5)band then used as a competitor
or probe in a band shift analysis. Indeed, the
complexes formed with this ollgomerf(Flg. 4
cqrresRond to the prominent complexes forme
with the proximal promoter fragment, since
competition occurred first with C2and, u_smg a
higher excess of oligomer, also with Ci (Fig. 3C,
lanes 3and 5). Apparently, a Iar?e excess of oligo-
mer is needed to compete fully for binding of
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-< slots

factors to the proximal promoter fragment. This
finding suggests,that the oligomer may not en-
compass the entire or optimal rotem-blndm%
element located in this promoter region. Bot

control and PB-indyced extracts gave rise to com-
plex formation with the oligomer (Fig. 4A).
Again, mcre_asm? the amountof protein-added
caused a shift of the complex to a slower mo-
bility. This phenomenan also occurred using
part1a|l¥ purified protein factors (Fig. 4B), sug-
gesting that multimerization ofbinding proteins

Hoffmann et al.

Figure 3. Bandshift analY]ses of the proximal part of
he CYP2B2 promoter. Three different probes, viz. the
DNA fragments comprising nucleotides -579 to -372
A), =372 10 -211 (®), and -211 to +1(CZ were Incu-
Dated in the presence of liver nuclear ext ac

PB-treated and control rats and analyzed for complex
formation. ~ A. Left panel: increasing amount of PB-
induced extract; right panel: increasing amount of con-
trol extract. The pasitions at which fre€ probe and com-
plexes have migrated are indicated. B. Lane L free
probe; lane 2: 2pig PB-induced extract; lane 3: 2 ng con-
rol extract, c. Lane L free probe; lanes 2 and 4: 5
PB-induced and control extract,_resHectlver; |anes
and 5 like lanes 2 and 4, but in the presence of a
1000-fold excess of the c-myc oligomer.

s from hoth

results in the progressweI% increasing retarda-
tion of the protein-DNA band in the gel.

A closer inspection of the primary structure
of the pertinent proximal promotér element
indicated a tandemly repeated homology with
the previously identified BTE, present’in the
promoter of Several liver-specific genes (Yana-
gida et al., 1990), as well as an homology with
a sequence mofif identified by He and Fulco
5199%) in the promoter ofa barbiturate-inducible
450 gene from Bacillus megaterium. The com-
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%'k

-< free probe
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Figure 4, Bandshift analysis of the -104 to -71 oligomer. A Lanes 1, 3, 5 and 7: 12, 2, 35, _and 10 [i%, respec-

t|ve(I:y, of crude control extract: lanes 2, 4, 6, and 8 T2, 2, 35, and 10 ng' respectively of crude PB-induce
B. Crude nuclear PB-extract was chromatographed on a superose 12 _

and consecutive fractions were then used for a band shift anal)r3|s of the oligomer. Numbers 1-8 correspond to
hese consecutive fractions, of which 15 gl were used in a total assay volume of 30 gl lane 9: crude PB-extract;

ane 10: free probe.

parison of the respective sequences is shown
n Figure 5 To further establish the presumed
composite character of the CYP2B2 proximal
promoter region, we decided to use short oligo-
mers encompassing the two different homol-
0gous sequences in.a band shift analysis. The
results, shown in Figure e, clearly indicate (1)
that both oligomers contain a binding site for
a protein faCtor; and (2) that the complexes
formed uslngi the oligonucleotide showing ho-
mology with the c-mycrepressor element (which
was used for the experiment presented in FIF-
ure 4) are competed by adding excess amounts
of both short aligomers, Obviously, two equiv-
alentbinding sites, sharing the motif RGNANG
AGG, are present in this part of the CYP2B2
Bromoter. That the protgin-binding sites on

oth short ollg}omers are identical was further
proven by the Tact that mutual competition oc-
curred (not shown). On the basis of these anal-
yses, it Is also likely that the additional com-

lexes formed using the extended qllf;omer
FFlg. 4) are due to the binding of multiple pro-

extract.
R column (Pharmacia; result not shown),

teins. Because low-mobility complexes were not
found using the short oligomers—not even when
high protein concentrations were used, I(_Flg. 6)—
the complexes showing a lower mobility than

-110 -100 -90 -80 -70 -60

GGGTRRGjGGRRTGRGGRGTGRRTRGCCRRRGCRGGRGGCGTGRRCIR
TERRRRRRRER RN I Nt
RRTTCGjGGRRTGRGGRGTGRRTRGCCRRRGCRGGRGGCGRT
e Hnrunmn
RGRRGGRGGCGTGGCC RGRRGGRGGCGTGGCC
LLRIRIRNRNNIRINY]
RTRGCCRRRGCRGGRGG

C-myc element
BTE elements

B /negater ium etement

Figure 5. Comparison of sequence elements present in
the P_rommal part of the CYP2B2 promoter. The ny-
cleotide sequence of the re?mn from -110 to -60 Is
aligned with the sequence of the ‘t-myc repressor olldqo
mer ‘Remmers et al., 1986), containing nucleotides
-104 to -71, the BTE elements (Yanagida et al., 1990),
and the element dlsplagmg homalogy with a sequence
In the promoter of the B. megaterium cytP450 gene (lHe
and Fulco, 1991). Oligomers encomgassmg the indicated
sequences were used for the band Shift analyses
presented in Figures 4 and 6. The composite sequénce
element from -66 to -103 is designated BRE (basic
requlatory element) —see text. The repeated protein fac-
tof binding motif RGNANGAGG is underlined.
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Figure 6. Band shift analysis of the CYP2B2-oligomers indicated in Figure 5. A, Increasingpro_tein concentrations

were used: 0, 25, 5 and 10 ng of crude control extract for lanes 1-4, 5-8, and
(c-myc) oligomer as a probe; lanes 5-8: using the BTE-0
ollqomer s a Erobe. B. Competition eernment: the

analysis using

||g of cryde control extrac
molar excess of

the B. megaterium oligomer.

C2 (Fig. 4) may thus be due to interactions with
other,as yet Unidentified, factors.
In noné of the hand shift analyses performed

so far we were able to detect qualitative differ-

ences between control and PB-induced extracts.
This might be due to the fact that presumed
PB-responsive elements are located elsewhere,

or that'interactions occurring in vivo under in-

duction conditions escape this in vitro analysis.

Demarcation of functional sites in the proximal
part of the CYP2B2 promoter

To study the possible functional role of DNA
elements in the pr,omr_naI_Part of the CYP2B2
promoter, we applied in vi ,

Ing rat liver nuclear extracts. To this end we

made a series of constructs that contain differ-

ent ?arts of the promoter sequence fused to
a G-less cassette —see Materials and Methods
(Monaci et al., 1988). Proper transcription of
these templates leads to the formation of a
380-nt transcript. We made use of restriction
sites to generate constructs -806, -579, -372,
and -177. In addition, using BAL 31 treatment,
5' (eletions were carried ‘out, starting from

ro transcription us-

9-12. Lanes 1-4: using the -104 to -71

mer as a probe; and lanes 9-12: using the B. megaterium
04 to -71 oligomer was used as a probe for a band shift
(lane_1). Lanes 2, 3, and 4 com z%e

f BTE oligomer; lanes 5, 6, and 7 competition with 10, 20, and 50x, respectively, molar ‘excess of

tition with 10,20, and 50, respectively

the Hinc Il site at - 211 up to position - 23. The
adenovirus 2 major_late promoter cloned in
front of an 180 bp G-less cassette was used as
an internal control. This promoter is known to
be active in most cell t}/pes,(l_\/lonam_et al., 1988)
and was shown to act efficiently in_both PB-
induced and control extracts (see Fig. 7). .

Analysis of the in vitro synthesized tfanscripts
Was R_erformed on segu_enc;ng gels, the results
of which are presented in Figure 7. The in vitro
transcription assays have been repeated several
times, using both the same and independently
E_repared extracts, and are highly reproducible;
Figure 7A shows the result of & typical exper-
iment. Different exposures of thie autoradio-
grams, were subs_e?uently scanned in order to

uantitate the difrerences in signal intensity;
the results of the densitometric scans are shown
In Figure 7B.. _

Using PB-induced extracts, deletion of the
DNA reﬁlpn between - 806 and - 579 appeared
to result in a twofold loss of transcription ac-
tivity, which is, however, restored by a further
deletion down to -372. This data may indicate
the combinatorial action of positive as well as
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PB INDUCED

Figure 7. In vitro transcription on CYP2B2 promoter G-less tems)lates. Deletion fragments of the CYP2B2 promoter

cloned in the G-less cassette vector qsee Materials_and Methods
ear extracts. The adenomajor late promoter fused to a 180 b{) G-less fragment
was used as internal reference. A. Left panel: control extracts; right panel: PB-induced extracs.

both in control and PB-induced nuc

were used as templates for In vitro_transcription
B. Graphical

representations. The autoradiographs shown in A were scanned using an LKB UltroScan Densitometer.

negative cis-acting elements in this part of the
CYP2B2 promoter region. Deletions extending
from -372 to -109 give rise to a gradual de-
crease in the level of transcription, mdmatmtﬁ;
that this DNA regjon contributes to the strengt
of the promoter’in vitro. A putative repressmg
element is present hetween nucleotides -98 an
-90, since transcription increases _b){ removal
of this element. Clearly, an essential positive
cis-acting element is destroyed by extending the
deletion"downstream of -90. A'fivefold réduc-
tion in in vitro transcription actth oceurs as
a consequence of d_eletm? 15 bp between -90
and -75. The remaining transcription activity
is close to the low basal level exerted by a pro-
moter containing just the TATA-element: con-
struct -40. Apparently, the most important
transcrlptlon-actlvatm%eIement In the proxi-
mal part of the CYP2B2 promoter is located
directly upstream of -75,

Remarkably, extracts from control cells—
which show “no endogenous CYP2B2 gene
expression —also display an in vitro transCrip-
tion activity which is qualitatively quite similar
to that obtained with PB-induced extracts. In

general, however, the relative levels are lower
compared to those obtained using PB-induced
extracts (see Fig. 7).

Discussion

Expression of the CYP2B2 gene in rat liver is
transcriptionally induced upon exposure of the
organism to drugs Jike phenobarbital (PB) and
certain PCB's. In‘this paper we propose a model
in which aproximal promoter element, encom-
passing nucleotides -103 to - es, plays an im-
portant part in this control process. This elg-
ment is therefore designated BRE, for basic
regulator?f element. _

“Several lines of evidence supf)ort_ this model.
First of all, the pertinent nucleotide element
shows a composite structure consisting of two
tandemly arranged homologous segménts sep-
arated by a CCAAA-box sequence (summarized
in Fig. 5). The conserved sequence element was
first identified by us on the basis of hom_olo%y
with_an upstream repressor site present in the
murine c-myc promoter (Corcoran et al., 1985;
Remmers ét al., 1986) and was later demon-
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strated to be part of other liver-specific pro-
moters as well (Yanagida et al., 1990). Recently,
He and Fulco (1991) reported that barbiturate-
inducible P450-genes in the rat and Bacillus
megaterium share a common promoter element.
On the basis of band-shift analysis, these authors
suggested that this sequence element could me-
diate the transcriptional induction by PB. This
sequence is part of the BRE, described in this
paper, viz. nucleotides —89 to - 73 (see Fig. 5).

Band shift analysis of the proximal part of
the CYP2B2 promoter revealed a major com-
posite protein binding site in the region up to
—211 which appeared to coincide with the — 104
to —71 element. The results of gel retardation
experiments using synthetic oligomers encom-
passing different sub-segments of this element
(Fig. 6) strongly suggest that binding of more
than one protein to this sequence element oc-
curs. On the basis of sequence comparisons we
propose that the sequence motif RGNANGAGG
represents the actual factor-binding site. This
sequence is tandemly repeated in the promoter
element from —104 to — 71, which could explain
that we were unable to demonstrate the involve-
ment of specific nucleotides in the interaction
with the factor by a methylation interference
analysis using complex C1 shown in Figure 4
(result not shown). Apart from the factors inter-
acting with the two equivalent protein-DNA
binding sites, additional proteins are likely to
bind to this part of the CYP2B2 promoter, since
low-mobility complexes were found using the
—104 to —71 oligomer (cf. Figs. 4 and 6). No
qualitative differences between control and PB-
induced extracts could be detected, however.

The results of our in vitro transcription ex-
periments revealed the functional importance
of the —90 to —75 region for transcription ac-
tivation of the CYP2B2 gene. Deletion of this
element leads to a fivefold loss in transcription
activity in vitro (Fig. 7). Taken together, there-
fore, the results support the hypothesis that the
complex sequence element present between
—103 and -66 mediates the transcription ac-
tivation of the CYP2B2 gene (BRE in Fig. 5).

Unlike the situation in vivo, where no tran-
scription of CYP2B under non-induced con-
ditions can be detected (see Fig. 2), control ex-
tracts appeared unexpectedly active in vitro.
As a matter of fact, PB-induced extracts dis-
played only a slightly elevated CYP2B2 gene tran-
scription as compared with control extracts. We

Hoffmann et al.

favor the interpretation that this is due to the
absence of the natural chromatin structure in
the pertinent part of the promoter. The tran-
scriptional induction of the CYP2B2 gene may
thus involve a derepression mechanism which
renders this promoter region accessible for the
assembly of an active transcription-initiation
complex. Probably the required trans-acting
protein factors are present at non-induced
conditions—as is also suggested by the failure
to find differences in the band-shift assays—
while some modification may be responsible
for the actual transcriptional induction.

Of course the experiments described in this
paper do not exclude the involvement in tran-
scription activation of (PB-responsive) nucleo-
tide elements located further upstream. In vitro
transcription assays are not suitable for iden-
tifying such elements. So far, however, functional
analyses of the CYP2B2 promoter by transient
expression assays are hampered by the fact that
isolated hepatocytes very rapidly lose the abil-
ity to express this gene (see also Waxman and
Azaroff, 1992).

When this manuscript was ready to submit,
we learned the results obtained by Upadhya et
al., which are in agreement with ours (Upad-
hya et al.,, 1992).
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